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ƹŵřƺƯŹŚĩƁƹŹ  
 ƞƫř- ůǀƱřƺ ŚƯŻōƿƷŚĮƄƾ :ŚƯŻōƿƂ ƹŹƽ ƁƺƯ ŚƷƽ řźŰƇƾƿ 
ƠſǀŶ ƹƿŹŚŤƀ źƳ  ƱŻƹ ƶŝÏÒÍ -ÐÍÍ  Źŵ ƭźĭŰƯǀƐƾ ƹ ŚƯŵ Śŝ
ŢƗŚſƵŵŻřƹŵŢŰţƵŶƃƩźŤƴĩŢŝƺƏŹŚƴƃƹŹƾƿ ŢƗŚſƵŵŻřƹŵƹ
ŹŚţƿĪƾ  ƩƺƇř .ŶƴŤƟźĭ Źřźƣƣǈųřƾ  Śŝ ŹŚĩůǀšŚƳřƺ ƪƯŚĩ ŹƺƏ ƶŝ
ŚƗŹƿŢ  ƹ ŶƃƪĪţƹźě ŚƷƽ  źŝ ŹŚĩƹŹƽ ůǀšŚƳřƺ ŚƯŻōƿƷŚĮƄƾ ŵŹƺƯ
ŗŚţǀŶ ưĩǀƶŤ ơƺƤůźŝšŹŚƔƳůǀšŚƳřƺ ŚƯŻōƿƷŚĮƄƾ ƵŚĮƄƳřŵżĩźƯ
ƭƺƬƗĪƃżěƾ ŝŵŹřǀƪ  .ŢƟźĭŹřźƣŚƸƳƿľŚŤ ÑÏ ƁƺƯřźŰƇƾƿ śŚŴŤƳř
ŢƠƷ ƵƹźĭƂƃ Źŵ ƹ ŶƳŶƃŚţƾƿ ƀƤţǀƮ  .ŶƳŶƃƩŚƯźƳ Ʃƹř Ƶƹźĭ
ƫŚſǀƲ ĩřŹƺųƾ  šŶƯ ƶŝÐÍ ŻƹŹ  ƶŝ ƵŹŚƈƗ ƭƹŵ ƵƹźĭƶŝƺģŵŹŻ
ĩřŹƺųƾ )mg/kg b.w.Î ÎÍÍ (šŶƯƶŝÐÍ  ŻƹŹĥřƹŚĭšŹƺƇƶŝ
ƵŹŚƈƗƭƺſƵƹźĭĩřŹƺųƾ ƶŝƺģŵŹŻ )mg/kg b.w. ÏÍÍšŶƯƶŝ (
ÐÍ ŻƹŹƶŝƵƹźĭƭŹŚƸģ ŻƹŹŹŵſƾ ƭř šŹƺƇƶŝƪųřŵƣŚƠƇƾ ƿŹŚŞĪ 
ƹŹřŵƽ ƯšŚƀĩźţƺŤ Żƹŵ ƶŝ)mg/kg b.w. ÏÍ (ŹżţƿƢ Ŷƃ Ƶƹźĭ
ƵŹŚƈƗƮŬƴěƶŝƺģŵŹŻĩřŹƺųƾ )mg/kg b.w. ÎÍÍ (řźŝƽ ÐÍ ŻƹŹ 
 ƵřźưƷƶŝŹżţƿƢ ŻƹŵĨţ ƪųřŵƣŚƠƇƾ šŚƀĩźţƺŤƯ  ŻƹŹ Źŵſƾ ƭř 
)mg/kg b.w. ÏÍ (  ƵŹŚƈƗ ƮƄƃ ƵƹźĭĩřŹƺųƾ ƶŝƺģŵŹŻ 
)mg/kg b.w. ÏÍÍ( šŶƯ ƶŝ ÐÍ ŻƹŹ  ƵřźưƷ ƶŝŹżţƿƢ ŻƹŵĨţ 
 ƪųřŵƣŚƠƇƾ šŚƀĩźţƺŤƯ  ŻƹŹ Źŵſƾ ƭř )mg/kg b.w. ÏÍ (
ŹŵƿŢƟŚ ŶƳŵźĩ.  Żř žě ŻƹŹ ŹŚƸģŹżţƿƢ  šŚƀĩźţƺŤƯůǀšŚƳřƺ 
ŝǀƁƺƸ ŢƸūƱƺųƶƳƺưƳ ƹ ƵŶƃƘţǀǀƲ ŤƳō ŹřŶƤƯƾ ƀĩřǀƱřŶ ƭŚţÏ 
(TAS) ƹ ƴĤưƷǀƲ ƶƳƺưƳ ŚƷƽ Ƹţǀƶ ƶŝ ƭƺƳĥƹĥŢƟŚŝ ƪĩ Żř ƵŶƃ
ƶĪţ ŚƷƽ źƟŚŝƱŵźĩƶƟŚƋřŚŝƹƵŶƃŵźųĨģƺĩŶſƿƮ ěǀšŚƠƀƟƹź 
źƏ ŻřƿƢ ŚƳĥƺưƷƿŹż  ŢƸū ƹ ƵŶƃ ƱĥƺưƷƘţǀǀƲ ţŚţƺƬĭǀƱƺ 
ƀĩřźěǀŻřŶÐ(GPX) ƀĩřźěƺſǀŻřŶ ŵƿŻŚţƺưƀ(SOD)ÑƱƺƫŚƯ 
ŗŶƫōǀŶÒ(MDA) ƹſŹźŝƾ ŚƷƽ ſōǀŜ ſŚƴƃƾ ŸųřŵźĭƿŶ.  
                                               
1  ƱřƺǀůƱŶŝƱŻƹƭźĭƺƬǀĩźŝƭźĭƾƬǀƯ  
2 Total anti-oxidant status; TAS  
3 Glutathione peroxidase; GPX 
4 Superoxidase dismutase; SOD 
5 Aldehyde malondialdehyde; MDA 
) ƩƹŶūÎ:( ŵƿƭřźĭŚ ƶƘƫŚƐƯƁƹŹ  
Ƶƹźĭ ŚƷ ŵřŶƘţƁƺƯ ŚƷ ƪĪţƹźěƳŚƯŹŵƾ )řźŝƽ ÐÍ ŻƹŹ( ƹŹřŵ )ŻƹŹŹŵÐÍ( šŚƀĩźţƺŤƯŻƹŵ 
(mg/Kg/day) 
Żƹŵ ƶŝƺģŵŹŻ 
(mg/Kg/day) 
Î Ô ƫŚſǀƲ Nacl - - 
Ï Ô ƶŝƺģŵŹŻ Nacl - ÎÍÍ 
Ð Ô ƶŝƺģŵŹŻ Nacl - ÏÍÍ 
Ñ Ô ƫŚſǀƲ šŚƀĩźţƺŤƯ ÏÍ - 
Ò Ô ƶŝƺģŵŹŻ šŚƀĩźţƺŤƯ ÏÍ ÎÍÍ 
Ó Ô ƶŝƺģŵŹŻ šŚƀĩźţƺŤƯ ÏÍ ÏÍÍ 
ƶƬŬƯĪƃżěƾ ƯƹŹřǀƶ  ƵŹƹŵçêƵŹŚưƃçŵŹřƿŢƄƸŞ æèîè 
 
ÎÏÎ  
ś-  ŵřƺƯƃǀưǀŚƾƿ : šŚƀĩźţƺŤƯŢĩźƃ Żř EBEWE 
Pharma Ges źţřƿƂ źųƿŹřŶƽ  ƭŚưţ .ŶƃĩǀŢ ŚƷƽ ƃǀưǀŚƾƿ Żř
Ţĩźƃ žĩƹŶƳŹ ƱŚŤƀƬĮƳř(Randox laboratories Ltd) Ƹţǀƶ 
 .ŶƳŶƃŵƽ ŤƯǀƪ ŚƀĩƺƠƫƺſƿŶ (DMSO)
ţřǀƲƬ ŵƽ ƯřǀƲ ſřřźŤţǀŶ(EDTA)   ƩƺƳŚţřţřǀƪ  šŚŤſřç - 
ţǀŝŹŚŝƺǀŹƺŤƿĨ ſřǀŶ (TBA)  ƹŚſƿź  ŵřƺƯƃǀưǀŚƾƿ Żř Ţĩźƃ 
Sigma Chemical źƯřƿŚĪ źųƿŹřŶƽ ŶƃŶƳ ŵřƺƯ ƶưƷ .ƃǀưǀŚƾƿ 
ƶŞƴūŚƯŻōƿƷŚĮƄƾ ŶƴŤƃřŵ.  
ũ- ) ƶŝƺģŵŹŻ :ũřźŴŤſřƁƹŹCurcuma longa L.( ŹřŻŚŝ Żř
 ƶƤƐƴƯźųƿŹřŶƽ  .ŶƃĭǀƵŚ ƶƀſƺƯ ƶƘſƺţ ƹŢƃŚĩ ƵƹźĭƎſƺţ
ĭǀƱŚƷŚ Īƃżěƾ ŵŹƺƯƱřźƸţŚţǀƿŶ ƵŵŚƯō .ŢƟźĭŹřźƣŻŚſƽ ũřźŴŤſř
Ǝſƺţ ƵŶƃƶŗřŹřƁƹŹŽŚſřźŝţŚĩǀŹŚ ƱřŹŚĪưƷ ƹÎ ŢƟźĭšŹƺƇ
)ÎÓ( .ĭǀƵŚ ľǈƯŚĩ ŹŵƹƵŶƃƶŤƀƃřƺƷƽ ŹŵƹĨƄųŵřŻōſōǀśŚ 
 Żř ƭźĭ ŶƇ ŹŚƸģ .ŶƳŶƃ Źŵƺě ƪƯŚĩ ŹƺƏ ƶŝĭǀƵŚ  ƩƺƳŚţř ŹŵÖÍ 
žĜſŶƃƵŵřŵŹřźƣŶƇŹŵƟǀźŤƬ ƹźŤƳŚſƿƠǀĥƺ ƵŵŚƯ .ŶƳŶƃƹŹƾƿ Śŝ
 Żř ƵŵŚƠŤſřŹŚţƹŹƽ  ŹŚƄƟ ŹŵŚěǀƿƲ  ƹŚƯŵƽ ÑÍ  ƶūŹŵŤƳŚſƾ ŵřźĭ 
 Źŵ ƹ Ŷƃ ŹŚŴŝŚƸƳƿŢ  Śŝ ƶŝƺģŵŹŻ ƵŹŚƈƗŢƔƬƛ ŚƷƽ Źŵ šƹŚƠŤƯ
PBS ƩƺƬŰƯŵźĭƿŶ mg/0.2ml) ÏÍÍmg/0.2mlÎÍÍ(.  
ŵ- ƵŻřŶƳřĭǀźƽ żƳōƿƮ ŚƷƽ ŤƳōƾ ƀĩřǀƳřŶƾ  
Î- ŤƳōƾ ƀĩřǀƱřŶ ƭŚţ  
ƶƳƺưƳ ŚƷƽ  Źŵ Ʊƺųrpm ÑÍÍÍ  šŶƯ ƶŝ ƹÎÍ ƣŵǀƶƤ 
źŤƳŚſƿƠǀĥƺ  ŹřŶƤƯ .ŶƳŶƃŤƳōƾ ƀĩřǀƱřŶ  Śưſǈě ƭŚţ(TAS) Śŝ
ĬƳŹƩŶƯ Żř ƵŵŚƠŤſřŬƴſƾ ŹŚĩŵƺųÏ ŲſŚěƁƹŹŤƳōƾ ƀĩřǀƳřŶƾ 
ƭŚţÐ (TAR) Ƈƺţǀƞ ƎſƺţƵŶƃřƿźƿƪÑ ƵŻřŶƳřĭǀźƽ Ŷƃ)ÎÔ( . 
Ï- ƀĩřźěƺſǀŶ ŵƿŻŚţƺưƀ(SOD)  
ƵŶƃƱĥƺưƷƵŵƹŹŢƟŚŝŻřřźŝƽ ƘţǀǀƲ ƫŚƘƟǀŢ SOD ƵŵŚƠŤſř
 ƹ ŶƃřƿƲ  źŝ ŹŚĩŚěƿƶ ŚƷŹŚĩƽ ŤƫƺŗŚěƾÒ ÎÖÕÓ ŹƺƏ ƶŝ 
źŤƯƺŤƟƹźŤĪĜſřƽ ƭŚŬƳřŸěƿŢƟź )ÎÕ( . 
Ð- ƵŻřŶƳřĭǀźƽ ƫŚƘƟǀŢ ţŚţƺƬĭǀƱƺ ƀĩřźěǀŻřŶ(GPX)  
ƫŚƘƟǀŢ GPX  ŹŚĩŽŚſřźŝƬĭŚěǀŚÓ ƵŵƹŹŢƟŚŝ ŹŵƱřŹŚĪưƷ ƹ
ŻŹřƿŝŚƾ ŢƄĭ)ÎÖ(. 
Ñ- ƵŻřŶƳřĭǀźƽ ƫŚƘƟǀŢ ŻǇŚţŚĩ(CAT) 
 Ǝſƺţ ƵŶƃ ƶŗřŹřƁƹŹ ŻřǈĩƿƱŹƺŞÔ  ƵŻřŶƳř Źŵĭǀźƽ CAT 
ŶƃƵŵŚƠŤſř)ÏÍ(.  
Ò- ƀĩřźěǀſřŶǀƱƺ ƫǀĜǀŶƽ   
                                               
1 Katiyar et al. in 1996 
2 Automated colorimetric 
3Total antioxidant response; TAR 
4 Erel O. 2004 
5 Paoletti et al, 1986 
6 Paglia et al 
7 Claiborne 
 ŮƐſMDA  ƆųŚƃ ƱřƺƴƗ ƶŝƀĩřźěǀſřŶǀƱƺ ƫǀĜǀŶƽ Śŝ
źĮƄƴĩřƹŵřƺƯƁƹŹţǀŝŹŚŝƺǀŹƺŤƿĨ ſřǀŶÕ (TBARS) ƵŻřŶƳřĭǀźƽ 
ŢƄĭ)ÏÎ(.  
Ƶ- ſŹźŝƾ ŚƷƽ ƷǀĥƺƫƺţŚěƺŤƀƿĪƾ  
ƶƳƺưƳ ŚƷƽ ŤƟŚŝƾ ŢƯŚŴƋ ŚŝÒ/Í ŤƳŚſƾ  Żř źŤƯřŶŤŝřƽ ƭƺƳĥƹĥ
 źƷůǀƱřƺ  Śŝ ƹ Ŷƃ ŸųřƫŚƯźƟǀƲ ÎÍ ŶƇŹŵƟǀžĪ ŵźĭƿŶ Źŵ ƹ
ƟřŹŚěǀƲ ŚŝƹŶƃƵŶƳŚŝřƺųƯǀƭƺţƹźĪ ŢƯŚŴƋƶŝm µ Ó-Ò ƵŵřŵƁźŝ
 .ŶƃƁźŝ ŚƷƽ ŤƟŚŝƾ řźŝƽ ſŹźŝƾ ŚƷƽ ƷǀĥƺƫƺţŚěƺŤƀƿĪƾ Śŝ
ƀĩƺţŚưƷǀƬǀƲ ƹŻƺŗřƿƲÖ ĬƳŹƯōǀżƽ ŶƳŶƃ ŚŝƹƯǀęƺĪſƹźĪ ŹƺƳƽ 
ŵŹƺƯŻŹřƿŝŚƾ ŶƴŤƟźĭŹřźƣ  
ƯǀƱřż ſōǀŜ ƁŹřżĭƁƹŹƢŞƏƭƺƳĥƹĥŢƟŚŝƵŶƃƱŚĮƫƺĭÎÍ ƹ
ƱřŹŚĪưƷÏÍÍÖ ſŹźŝƾ Ŷƃ )Ï( .ŶŝƿƲ ƶĩšŹƺƇƜţǀǀšřź ŚƷŻźěƽ 
źƷƭƺƳĥƹĥůǀƱřƺ ƵźưƳƷŵƾ ŶƳŶƃ: řźŝƽ ŢƫŚůŞƏǀƘƾ źƠƇƵźưƳ
ƮĩƱŶƃƵŚţƺĩŹŵŚƷŻźěƽ ƵźưƳÎƵŚţƺĩŹŵ ƎſƺŤƯƱŶƃŚƷŻźěƽ 
ÏƱŶƃƵŚţƺĩŹŵŶƃƿŶ ŚƷŻźěƽ ƵźưƳÐŹŵƹ ŻřŢƫŚůŝǀƲ ƲŤƟŹ
ƵźưƳŚƷŻźěÑ  .ŶƃƶŤƟźĭźƔƳŹŵſōǀŜ ŤƟŚŝƾ Ƴǀż ŶŝƿƲ ƵźưƳƶƳƺĭ
Ʒŵƾ ŶƳŶƃ: řźŝƽ  ŢƫŚůŞƏǀƘƾ  źƠƇ ƵźưƳřźŝƽ ŹƿƶŤŴ ƱŶƃ
ěřǀƬŤǀƭƺ  ƵźưƳÎ řźŝƽ  ŻřŝǀƲ ƪĩƲŤƟŹěřǀƬŤǀƭƺ Ï řźŝƽ źŴţƿŜ 
Ǉƿƶ ƏŚŴƯƾ ƵźưƳÐřźŝƽ źŴţƿŜ Ǉƿƶ ƷŚƯǀƶĤ řƽ ƵźưƳÑ źƔƳŹŵ
Ŷƃ ƶŤƟźĭ  śŚƸŤƫřŶŝƿƲ ţźţǀŜ  ƶŤſŵŶƴŝƽ Ŷƃ: řźŝƽ ŢƫŚů
ŞƏǀƘƾ  źƠƇƵźưƳřźŝƽ  ŵƹŹƹƘƋƺƯƾ ƩƺƬſ ŚƷƽ ŝŚƸŤƫřƾ  ƵźưƳÎ
ŵƺūƹưĩƾ  ŚƄƛŹŵƎƤƟśŚƸŤƫřŚěƿƶ ƵźưƳÏśŚƸŤƫřŵƺūƹŶƃƿŶ 
 ŚƄƛ ŹŵŚěƿƶ  ƵźưƳÐ  ƹřźŝƽ śŚƸŤƫřŶƃƿŶ ƁźŤƀĭƿƶŤƟŚ  ƶŝǇƿƶ 
ƷŚƯǀƶĤ řƽ ƵźưƳÑ ƶŝ .ŶƃƶŤƟźĭźƔƳŹŵřŻřƽ źƷůǀƱřƺ ÎÍ ƖƐƤƯ
ƯǀěƺĪſƹźĪƾ Ƹţǀƶ Ŷƃ  
ƹ- ƫŚƳōǀż Ƶŵřŵ ŚƷ  
ŚŤƳƿŪ  ŹřżƟř ƭźƳ Żř ƵŵŚƠŤſř ŚŝSPSS  ƱĥŹƹÎÔ ƫŚƳōǀż  .ŶƳŶƃ
Ƶŵřŵ ŚƷƽ ưĩƾ šŹƺƇƶŝƪƇŚůƯǀĮƳŚǀƲ ± ŻřƝřźŰƳřƘƯǀŹŚ ƱŚƄƳ
ƹŶƳŶƃƵŵřŵŚƤƯƿƶƀ ŹŚƯōƽ ƯǀƱŚ Ƶƹźĭ ŚƷ ƎſƺţƫŚƳōǀż ŹřƹƿžƳŚ ƿĨ 
ƶƟźƏÎÎ(ANOVA) ŢƀţƱōƩŚŞƳŵƶŝƹĩƺţƾÎÏ  .ŶƃƭŚŬƳřŚŤƳƿŪ 
 ƵźưƳƷŵƾ ƷǀĥƺƫƺţŚěƺŤƀƿĪƾ  Ţƀţ ŚŝƩŚĪſƹźĩ-ƫřƹǀž ŵŹƺƯ
ŚƤƯƿƶƀ  .ŢƟźĭ ŹřźƣƳŚƯŻƾ  šƹŚƠţ ƶĩŝǀƲ Ƶƹźĭ ŚƷ Ŷƃ ƆŴƄƯ
ƯǀĮƳŚǀƲ Ƶƹźĭ ŚƷ ŢƀţŚŝƲƯ -ƹƿƴŤƾ ƿƺÎÐ ŬƴſǀƵŶ ŹŵƝǈŤųř .Ŷƃ
ŮƐſÍÒ/Í<p ƴƘƯƾ Źřŵ ƤƬţƾ Ŷƃ  
  
                                               
8Thiobarbituric acid reactive substances 
9 hematoxylin and eosin (H&E) 
10 Gulgun, et al (2009) 
11 one way analysis of variance (ANOVA) 
12 Tukey's test 
13 Mann–Whitney U test 
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ÎÏÏ  
ŚŤƳƿŪ  
ŚŤƳƿŪ  ŻřƪƇŚůſŹźŝƾ ƯǀěƺĪſƹźĪƾ ƷǀĢ Ɯţǀǀź ƛǀź ŞƏǀƘƾ 
ƷǀĥƺƫƺŤƀƿĨ ƪĪƃ)  ŵřŶƳƱŚƄƳ řŹ ƵŵƹŹ ŹŵÎ .(ƴĤưƷǀƲ řƿƲ ŚŤƳƿŪ 
řźŝƽ Ƶƹźĭ ŚƷƽ Ï  ƹÐ  ƶŝ ƶĩţźţǀŜ ŹřŶƤƯ ƶŝ ƶŝƺģ ŵŹŻ ƵŹŚƈƗ 
mg/KgÎÍÍ ƹmg/KgÏÍÍ ŹŵƿŢƟŚ ƪĪƃ) ŶƃŜƀĩŶƳŵƺŝƵŵźĩ
Ï  ƹÐ Źŵ .(ŚƤƯƿƶƀ řƿƲ  ŶƷŚƃ Ƶƹźĭ Śŝ Ƶƹźĭ ƹŵƷǀĢ šƹŚƠţ
ƴƘƯƾ Źřŵƽ ŷƺƠƳŹŵƩƺƬſ ŚƷƽ ŝŚƸŤƫřƾſōǀŜ ƕŚƠţŹřƱŶƃƵŚţƺĩƹ
Źŵ .ŶƄƳƵŶƷŚƄƯŶƷŚƃƵƹźĭŚŝŚƷŻźěƫŚůƾ ŹŵƶĩƷƹźĭƾ ŚƸƴţƶĩ
šŚƀĩźţƺŤƯŹŵƿŢƟŚ  ƱŶƃƲƸě ƹ ƱŶƃ ƵŚţƺĩ ŶƳŵƺŝ ƵŵźĩŶƃƿŶ 
ŚƷŻźěƽ ŷƺƠƳƵŵƹŹƩƺƬſ ŚƷƽ ŝŚƸŤƫřƾźƳƺųƿżƽ ŚƄƛŹŵŚěƿƶ ƵřźưƷ
 ŻƹźĪƳ ŚŝƩƺƬſ ŚƷƽ ěřǀƬŤǀƭƺ ƱŶƃ ƵŶƴĩ Ʊō ŚƷ  ƹƴĤưƷǀƲ ƮųŻ
ƪĪƃ ) ŶƃƵŶƷŚƄƯƍŚŴƯ -Ñƶĩ .(řƿƲ Ɯţǀǀšřź ŹŵŚƤƯƿƶƀ ƶſŚŝ
 Ʃƹř ƵƹźĭřżƟřƿƂ ƴƘƯƾ Źřŵƽ )ÍÎ/Í<p Ƶƹźĭ Źŵ .ŵƺŝ (ŹŵƿŢƟŚ 
 ƶŝƺģŵŹŻ ƵřźưƷ ƶŝ šŚƀĩźţƺŤƯ ƵŶƴƴĩ)  Żƹŵ Śŝ mg/KgÎÍÍ( 
 śŚƸŤƫřƠųǀƞ  ŚƄƛ ŹŵŚěƿƶ  ŻƹźĪƳ ƹƩƺƬſ ŚƷƽ ěřǀƬŤǀƩŚ ƵŶƴĩ ƹ
ŢưƀƣƱŶƃǇŚŝƾƿ ƹŚƷŻźěƴĤưƷǀƲ ƶƏƺŰƯƱŶƃźěƳƹŹŵƾ ƵŵƹŹ
 ŚŝƣŚŝǀƵŶƳŚư ŚƷƽ ěřǀƬŤǀƫŚƾ ƪĪƃ) Ŷƃ ƵŶƷŚƄƯ-Ò Ƶƹźĭ .(ŹŵƿŢƟŚ 
)  Żƹŵ Śŝ ƶŝƺģŵŹŻ ƹ šŚƀĩźţƺŤƯ ƵŶƴƴĩ mg/KgÏÍÍ (Ɯţǀǀšřź 
ſōǀŜ ŤųŚƴƃƾ ţƹŚƠŤƯƾ šŚƀĩźţƺŤƯ ƎƤƟ ƶĩ ƭŹŚƸģ ƶŝ ŢŞƀƳ
ŹŵƿŢƟŚ ƪĪƃ) ŵřŵ ƱŚƄƳ ŶƳŵƺŝ Ƶŵźĩ -Ó ƵźưƳ .(Ƭĩƾ ƱŶƃ ƵŚţƺĩ
ƹśŚƸŤƫřŵƺūƹŚƷŻźěſōǀŜ ƵƹźĭŹŵŹŵƿŢƟŚ ƹšŚƀĩźţƺŤƯƵŶƴƴĩ
) ƶŝƺģŵŹŻmg/KgÏÍÍ -ÎÍÍŹƺƏƶŝ (ƴƘƯƾ Źřŵƽ ƵƹźĭŻřŹŵƿŢƟŚ 
šŚƀĩźţƺŤƯƵŶƴƴĩŚěǀƿƲ ƶŝ ) ŵƺŝźţţźţǀŜ ÍÒ/Í<p ƹ ÍÎ/Í<p  .(
ƩƹŶūŹŵÏ ŚŤƳƿŪ ƵźưƳƷŵƾ ƷǀĥƺƫƺţŚěƺŤƀƿĪƾ ƶưƷƵƹźĭ ŚƷ ŹƺƏƶŝ
ŢſřƵŶƃƵŵřŵƱŚƄƳƶƇǈų  
) ƩƹŶūÏ:( ŚƤƯƿƶƀ ƶŝƺģŵŹŻźŧřƹŹƽ ƭƺƳĥƹĥšŚůřźūƵźưƳƵƹźĭ ŚƷƽ ŵŹƺƯŚƯŻōƿƂ ŻřƝřźŰƳř)ƘƯǀŹŚ ± ƯǀĮƳŚǀƲ( 
ƵźưƳſōǀŜ ƭƺƳĥƹĥŢƟŚŝƶŝ  
Ƶƹźĭ ŚƷ  
śŚƸŤƫř  ƱŶƃƮųŻ  ƕŚƠţŹřƱŶƃƮĩŚƷŻźě  
ÎÓ/Í±ÒÒ/Í  ÍÔ/Í±ÏÒ/Í  ÎÑ/Í±ÐÎ/Í  ƩźŤƴĩƵƹźĭ  
ÎÐ/Í±ÑÖ/Í  ÍÑ/Í±ÏÎ/Í  ÍÒ/Í±ÏÖ/Í  ƶŝƺģŵŹŻ )ÎÍÍ mg/Kg(  
ÍÔ/Í±ÑÐ/Í  ÍÐ/Í±ÎÕ/Í  ÍÐ/Í±ÏÑ/Í  ƶŝƺģŵŹŻ )ÏÍÍ mg/Kg(  
bÑÏ/Í±ÎÎ/Ð  bÎÕ/Í±ÖÒ/Î  bÏÒ/Í±ÐÕ/Ï  šŚƀĩźţƺŤƯ )ÏÍ mg/Kg(  
acÎÖ/Í±ÐÐ/Î  acÎÎ/Í±ÖÕ/Í  acÎÓ/Í±ÑÏ/Î  ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯ)ÎÍÍ mg/Kg(  
dÎÖ/Í±ÓÑ/Í  dÍÒ/Í±ÏÖ/Í  dÍÕ/Í±ÐÕ/Í  ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯ)ÏÍÍ mg/Kg(  
ašƹŚƠţ :ƴƘƯƾ Źřŵ Źŵ ŚƤƯƿƶƀ ƩźŤƴĩƵƹźĭŚŝÍÒ/Í <p .b        šƹŚƠţ :ƴƘƯƾ Źřŵ ŹŵŚƤƯƿƶƀ ƩźŤƴĩƵƹźĭŚŝÍÎ/Í <p.  
cšƹŚƠţ :ƴƘƯƾ Źřŵ Źŵ ŚƤƯƿƶƀ šŚƀĩźţƺŤƯƵƹźĭŚŝÍÒ/Í <p .p    šƹŚƠţ :ƴƘƯƾ Źřŵ ŹŵŚƤƯƿƶƀ šŚƀĩźţƺŤƯƵƹźĭŚŝ ÍÎ/Í <p.  
  
ŚŤƳƿŪ  Żř ƪƇŚůŻŹřƿŝŚƾ ŝǀƃƺǀưǀŚƾƿ Ƶƹźĭ Źŵ ƶĩ ŵřŵ ƱŚƄƳ
ŹŵƿŢƟŚ Ƶƹźĭ) ƶŝƺģŵŹŻƵŶƴƴĩÐ( ŮƐſSOD ŹŵŚƤƯƿƶƀ ƵƹźĭŚŝ
 šŹƺƇ ƶŝ ƩźŤƴĩƴƘƯƾ Źřŵƽ ) ǇŚŝÍÒ/Í<p Ƶƹźĭ Źŵ ƹ (ŹŵƿŢƟŚ 
 šŹƺƇ ƶŝ šŚƀĩźţƺŤƯ ƵŶƴƴĩƴƘƯƾ Źřŵƽ ŚěǀƿƲ ) ŵƺŝÍÒ/Í<p .(
ŚƤƯƿƶƀ Ʒƹźĭƾ ƮƷƶĩƹŹřŵƽ ƮƷƹšŚƀĩźţƺŤƯƵŹŚƈƗ ƽ ƶŝƺģŵŹŻ
ŹŵƿŢƟŚ Ƶƹźĭ) ŶƳŵƺŝ Ƶŵźĩ Ó ƶŝ ŢŞƀƳ (Ʒƹźĭƾ ƎƤƟ ƶĩ
 šŚƀĩźţƺŤƯŹŵƿŢƟŚ  ŶƳŵƺŝ ƵŵźĩřżƟřƿƂ  ŹŵƯǀƱřż Ʊō ŮƐſ
) Ŷƃ ƵŶƷŚƄƯÍÒ/Í<p .(ƯǀƱřż SOD  Ƶƹźĭ ŹŵÒ  ŹŵŚƤƯƿƶƀ Śŝ
 šŚƀĩźţƺŤƯ ƵƹźĭƳǀż řżƟřƿƂ  ŚƯř ŵřŵ ƱŚƄƳ řŹřƿƲ Ɯţǀǀź źƔƳ Żř
ŹŚƯōƽ ƴƘƯƾ Źřŵ  .ŵƺŞƳŚŤƳƿŪ  ŮƐſ ŵŹƺƯ Źŵ ħźŤƄƯCAT Ƴǀż 
šŚƀĩźţƺŤƯƝźƈƯ .ŶƯōŢſŶŝƯǀƱřż GPX ŹŵřŹŚƤƯƿƶƀ ƵƹźĭŚŝ
 ƶŝ ƩźŤƴĩƯǀƱřż  ƪŝŚƣƸūƺţƾ )  ŵřŵ ƂƷŚĩÍÒ/Í<pŹŵ ŚƯř (
Ƶƹźĭ ŚƷƽ Ò ƹÓ ƵƹźĭƶŝŢŞƀƳƱōŮƐſÑ ƪŝŚƣšŹƺƇƶŝƸūƺţƾ 
řżƟřƿƂ ƩƹŶū) ŵřŵƱŚƄƳ-Ð.(  
) ƩƹŶūÐ:( ƶŝƺģŵŹŻźŧřƹŹƽ ƘƋƹǀŢ ŤƳōƾ ƀĩřǀƱřŶ ŚƷƽ ƵŵƹŹƁƺƯ ŚƷƽ řźŰƇƾƿ šŹƺƇƶŝƯǀĮƳŚǀƲ ± ŻřƝřźŰƳřƘƯǀŹŚ  
CAT 
(U/mg protein)  
GPX 
(U/ml/tissue)  SOD (U/ml/tissue) Ƶƹźĭ ŚƷ  
Ï/Í±ÑÐ/Ï  ÐÎ/Í±Ñ  ÏÒ/Í±ÕÓ/Ñ  ƩźŤƴĩƵƹźĭ  
ÏÔ/Í±ÓÖ/Ï  ÐÑ/Í±ÎÔ/Ñ  ÏÎ/Í±Ð/Ò  ƶŝƺģŵŹŻ )ÎÍÍ mg/Kg(  
aÐÒ/Í±ÐÎ/Ð  ÐÓ/Í±ÒÓ/Ñ  aÐÖ/Í±Ö/Ò  ƶŝƺģŵŹŻ )ÏÍÍ mg/Kg(  
aÎÎ/Í±ÐÒ/Î  aÎÖ/Í±ÔÒ/Ï  aÎÕ/Í±ÎÏ/Ð  šŚƀĩźţƺŤƯ )ÏÍ mg/Kg(  
aÎÒ/Í±Ó/Î  ÏÒ/Í±ÏÏ/Ð  aÏÔ/Í±ÔÑ/Ð  ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯ )ÎÍÍ mg/Kg(  
bÎÔ/Í±Î/Ï  bÐÎ/Í±ÕÐ/Ð  bÑ/Í±ÓÕ/Ñ  ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯ )ÏÍÍ mg/Kg(  
ašƹŚƠţ :ƴƘƯƾ Źřŵ ƩźŤƴĩƵƹźĭŚŝÍÒ/Í <p .b         šƹŚƠţ :ƴƘƯƾ Źřŵ šŚƀĩźţƺŤƯƵƹźĭŚŝÍÒ/Í <p.  
ƶƬŬƯĪƃżěƾ ƯƹŹřǀƶ  ƵŹƹŵçêƵŹŚưƃçŵŹřƿŢƄƸŞ æèîè 
 
ÎÏÐ  
ƯǀƱřż MDA ƵƹźĭŹŵĭǀƵŶƳź ŹŵšŚƀĩźţƺŤƯŚƤƯƿƶƀ ƵƹźĭŚŝ
ƩźŤƴĩ řżƟřƿƂ ƿƶŤƟŚ ƫƹƾ )  ƶŝƺģŵŹŻ Ƶƹźĭ Źŵmg/Kg ÎÍÍƹ (
 Ƶƹźĭ ) šŚƀĩźţƺŤƯÒ Źŵ (ŚƤƯƿƶƀ ƂƷŚĩ šŚƀĩźţƺŤƯ Ƶƹźĭ Śŝ
ƹŵźƷƶĩŢƃřŵƴƘƯƾ Źřŵ ) ŶƳŵƺŝÍÒ/Í<p .(ƺŬţƿż ƶŝƺģŵŹŻƯǀƱřż 
TAS  Źŵ řŹŚƤƯƿƶƀ ƩźŤƴĩ Ƶƹźĭ ŚŝřżƟřƿƂ  ŚƯř ŵřŵƺŬţƿż ŜƣŚƘŤƯ
) ŵřŵ ƂƷŚĩ řŹ Ʊō šŚƀĩźţƺŤƯÍÒ/Í<pƱŚƯżưƷ ƵŵŚƠŤſř .(
 Ƶƹźĭ) šŚƀĩźţƺŤƯ ƹ ƶŝƺģŵŹŻÒŜūƺƯ (řżƟřƿƂ ƴƘƯƾ Źřŵ ƯǀƱřż 
TAS ŹŵŚƤƯƿƶƀ ) ŶƃšŚƀĩźţƺŤƯƵƹźĭŚŝÍÒ/Í<p( ƩƹŶū )-Ñ.(  
  
) ƩƹŶūÑ:( ƶŝƺģŵŹŻźŧřƹŹƽ ƀĩřźěǀſřŶǀƱƺ ŝźģƾ ŚƷ ŹřŶƤƯƹŤƳōƾ ƀĩřǀƱřŶ ƵŵƹŹŹŵƭŚţƁƺƯ ŚƷƽ řźŰƇƾƿ šŹƺƇƶŝƯǀĮƳŚǀƲ ± ŻřƝřźŰƳřƘƯǀŹŚ  
TAS 
(mmol Trolox Eq/L)  
MDA 
(U/ml/tissue)  Ƶƹźĭ ŚƷ  
Ó/Í±Õ/Î               ÑÐ/Í±ÕÔ/Ð  ƵƹźĭƩźŤƴĩ  
ÏÏ/Í±ÎÐ/Ï  Ð/Í±ÓÏ/Ð  ƶŝƺģŵŹŻÎÍÍmg/Kg(  
aÎÔ/Í±ÔÎ/Ï  ÏÕ/Í±ÑÒ/Ð  ƶŝƺģŵŹŻÏÍÍ mg/Kg(  
aÍÕ/Í±ÔÐ/Í  aÐÖ /Í±ÐÓ/Ò  ) šŚƀĩźţƺŤƯÏÍ mg/Kg(  
ÎÐ/Í±ÎÓ/Î  ÐÑ/Í±ÓÕ/Ñ  ) ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯÎÍÍ mg/Kg(  
bÎÏ/Í±ÓÏ/Î  bÐÎ/Í±Î/Ñ  ) ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯÏÍÍ mg/Kg(  
a   šƹŚƠţ :ƴƘƯƾ Źřŵ ƩźŤƴĩƵƹźĭŚŝÍÒ/Í <p .b   šƹŚƠţ :ƴƘƯƾ Źřŵ šŚƀĩźţƺŤƯƵƹźĭŚŝÍÒ/Í <p.  
  
 
 
ƪĪƃ )Î(: ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƁƺƯƵŵƹŹŢƟŚŝřźŰƇƾƿ Ƶƹźĭ
ŢƟŚŝŹŚŤųŚſ .ƮƫŚſƩźŤƴĩſŚƴƃƾ ƵŵƹŹŞƏǀƘƾ Ţſř(H&E, 
100x).  
  
  
  
ƪĪƃ )Ï:( ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƁƺƯƵŵƹŹŢƟŚŝřźŰƇƾƿ 
ƵƹźĭŹŵƿŢƟŚ ) ƶŝƺģŵŹŻƵŶƴƴĩmg/KgÎÍÍ .(ſōǀŜ ƪŝŚƣ
ƶƔůǈƯ řƽ ƵŶƷŚƄƯƵŵƹŹŢƟŚŝŹŵƶŝƺģŵŹŻƝźƈƯźŧřŹŵưƳƾ ŵƺƃ 
(H&E, 100x).  
  
  
ƪĪƃ )Ð:( ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƁƺƯƵŵƹŹŢƟŚŝřźŰƇƾƿ 
ŹŵƿŢƟŚ ƶŝƺģŵŹŻƵŶƴƴĩ )mg/KgÏÍÍ .(ƷǀĢ Ɯţǀǀź 
ƷǀĥƺƫƺţŚěƺŤƀƿĨ ƪŝŚƣƸūƺţƾ ƵŵƹŹŢƟŚŝŹŵŵƿƵŶ ưƳƾ ŵƺƃ(H&E, 
100x)  .  
  
ƪĪƃ )Ñ:( ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƁƺƯƵŵƹŹŢƟŚŝřźŰƇƾƿ 
ƵƹźĭƶŝƢƬƘŤƯŹŵƿŢƟŚ ƵŶƴƴĩ ƲƸěƹƱŶƃƵŚţƺĩ .šŚƀĩźţƺŤƯ
ƱŶƃŶƃƿŶ ŚƷŻźěƽ ŷƺƠƳƵŵƹŹƩƺƬſ ŚƷƽ ŝŚƸŤƫřƾ ƪƯŚƃŵŚůƕƺƳ
ƟƹźţƺƳǀƪ ŚƷ ƹſƺƠƴƫǀŢ ŚƷ ƹźƳƺųƿżƽ ŹŵǇƿƶ ŚƷƽ ƹƍŚŴƯŻƿź 
ŻƹźĪƳŚŝƵřźưƷƍŚŴƯƩƺƬſ ŚƷƽ Ƅƃƺěƾ ƱŶƃřŶūƹƱō ŚƷ ƹ
ƴĤưƷǀƲ ŢſřƵŶƷŚƄƯƪŝŚƣƍŚŴƯƮųŻ(H&E, 250x).  
ƶŝƺģŵŹŻƾƫƺƳŚţřƵŹŚƈƗƾŤƓŚƠůźǀŧŐţſōźŝǀŜ ŚƷƽ ƵŶƃŚƤƫřƵŵƹŹ ...  ƳŷŚƯŶưŰƯƾ ƱřŹŚĪưƷƹ 
 
ÎÏÑ  
  
  
ƪĪƃ )Ò:( ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƵƹźĭƵŵƹŹŢƟŚŝŹŵƿŢƟŚ ƵŶƴƴĩ
) ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯmg/KgÎÍÍśŚƸŤƫř .(ǈƯƿƮ ŻřƎſƺŤƯŚţ
ƪƯŚƃŵŚůƕƺƳƟƹźţƺƳǀƪ ŚƷ ƹſƺƠƴƫǀŢ ŚƷŻƹźĪƳƩƺƬſ ŚƷƽ Ƅƃƺěƾ 
ŢưƀƣƱŶƃƵŶƴĩƹſŏŹƾ ŚƷŻźěľǈƯŚĩ ŢſřƆŴƄƯ(H&E, 
250x) .  
  
  
ƪĪƃ )Ó:( ŚưƳƽ ƯǀěƺĪſƹźĪƾ ƵƹźĭƵŵƹŹŢƟŚŝŹŵƿŢƟŚ ƵŶƴƴĩ
) ƶŝƺģŵŹŻƹšŚƀĩźţƺŤƯmg/KgÏÍÍ .(ţǀŹŚư ƶŝƺģŵŹŻŚŝƜţǀǀšřź 
ĥƺƫƺţŚěƿĨ ƃŚƳƾ ƵŵźĩŹŚƸƯřŹšŚƀĩźţƺŤƯŻř śŚƸŤƫřżŬŝƹƠųǀƠƾ 
ƪƯŚƃƹƵŵƺŝŵŚůƕƺƳŻřƶĩƟƹźţƺƳǀƪ ŚƷ ƹſƺƠƴƫǀŢ ŚƷ Ưƾ ŶƃŚŝ
ƵŵƹŹźƷŚƓźƤţƿľŚŞ ŞƏǀƘƾ Ţſř.(H&E, 250x)  
  
ƹŦŰŝŤƳǀƶŬ ĭǀźƽ  
Ŷſěřƾ ƬţǀƫŚƾ ƵŵƹŹŚƷŶſƽ ƳŚĪƯǀĪƾ ƱŶŝƯƾ ŶƃŚŝ Ţưƀƣƶĩ
 śƺƀŰƯ ƁŹřƺĭ ƵŚĮŤſŵƯƾ ŵƺƃ ƶƳƺĭ źƷ .ƫǈŤųřƾ ŵźĪƬưƗ Źŵ
ŞƏǀƘƾ ƱōƯƾ ŶƳřƺţ šǈĪƄƯƹŢƳƺƠƗƮƌƷŌƺſƶŝźŬƴƯŶūƽ 
 Żř ƵŵŚƠŤſř .ŵƺƃŚƷƹŹřŵƽ  ŶƋƳŚƏźſƾ ƔƳǀź šřźŧř šŚƀĩźţƺŤƯ
źƌƯƽ ƹŹƽ ƁŹřƺĭƵŚĮŤſŵŵźĪƬưƗƯƾ ŵŹřŸĭ ƂƷŚĩƶŝźŬƴƯƶĩ
ĩǀƠǀŢ ĭŶƳŻƾ ŵřźƟřƽ  ŹŚģŵ ƶĩƴģǀƲ ųŶŝǀưƾ ŚƷƾƿ ŶƴŤƀƷ
Ưƾ ŵƺƃ .ŚŤƳƿŪ ŻřƪƇŚůſŹźŝƾ ŝǀƃƺǀưǀŚƾƿ ƹſōǀŜ ſŚƴƃƾ řƿƲ 
 šŚƀĩźţƺŤƯ ƶĩ ŵřŵ ƱŚƄƳ ƶƘƫŚƐƯƯƾ ŶƳřƺţ  ŜūƺƯſōǀŜ ŶƃƿŶ 
 .ŵŵźĭ ƵŵƹŹřƿƲ ſōǀŜ ŶƃƿŶ ƱŶƃƲƸě ƹ ƱŶƃ ƵŚţƺĩ ƪĪƃ ƶŝ
ŚƷŻźěƽ  ŷƺƠƳ ƵŵƹŹƩƺƬſ ŚƷƽ ŝŚƸŤƫřƾ  ƹźƳƺųƿżƽ  ŚƄƛ ŹŵŚěƿƶ 
 ŻƹźĪƳ Śŝ ƵřźưƷƩƺƬſ ŚƷƽ ěřǀƬŤǀƭƺ ƱŶƃƵŶƴĩ ƹƱō ŚƷ  ƹƴĤưƷǀƲ 
 Ƶƹźĭ ŹŵƍŚŴƯƮųŻŹŵƿŢƟŚ šŚƀĩźţƺŤƯŵƿƵŶ Ưƾ ŵƺƃ Źŵ .ƫŚůƾ 
 Ƶƹźĭ ƶĩŹŵƿŢƟŚ  ƶŝƺģŵŹŻ ƵŹŚƈƗ ƵŶƴƴĩƜţǀǀšřź ſōǀŜ ŤųŚƴƃƾ 
ţƹŚƠŤƯƾ ƵƹźĭƶŝŢŞƀƳĭǀƵŶƳź ƶŝšŚƀĩźţƺŤƯƹƿƵĦ ƵƹźĭÓ ƱŚƄƳ
 ŶƳŵřŵŶŝƿƲ  ƵŵƹŹ źƷŚƓ ƶĩ šŹƺƇƱō ŚƷ źƤţƿľŚŞ ŞƏǀƘƾ Źŵ .ŵƺŝ
ƘƋƹǀŢ ŞƏǀƘƾ ƵŵƹŹŝǀƲ ŨĪţǀź īźƯƹƫƺƬſƾ  .ŵŹřŵŵƺūƹƩŵŚƘţ
 šŚƀĩźţƺŤƯƇŚƈŤųřƾ ƩƺƬſ ŚƷƽ ŹƺƯƺţƽ ƳǀŢƀ  ƹżƳōƿƮ ŵƽ 
ƷǀšǇƺƟƹŹŶ ŹŚƸƯřŹŻŚŤĩƹŵŹƯƾ Ŷƴĩ śƺĩźſŜūƺƯƹƫƺţǀŶDNA 
 ŹŵƩƺƬſ ŚƷƽ  ƹƩŚƯźƳųŶŝǀƮ Ưƾ ŵƺƃ )ÏÏ ,ÏÐ( .ƩƺƬſ ŚƷƽ Ʊƺų
ƹŻŚſƃŹřƺĭƾ ŨĪţǀź źſƿƘƾ ƹŶƳŹřŵƬƇřƾ źţƿƲ ƩƺƬſ ŚƷƾƿ ŶƴŤƀƷ
ŢŰţƶĩŧŐţǀź  ŹřźƣšŚƀĩźţƺŤƯƯƾ ĭǀŶƳź )ÏÑ(źƋŚůƶƘƫŚƐƯ Źŵ .
 ŹŵřźƃƿƎ ŹżţƿƢ  Źŵ šŚƀĩźţƺŤƯ Żƹŵ ĨţŢƟŚŝ ŚƷƽ ĥƺƫƺţŚěƽ 
ƩƺƬſ ŚƷƽ Ƴƺųƾ Ƴǀż ŵƿƵŶ  .ŶƃƳŚĪƯǀƮƀ ƱōƯƾ ŶƳřƺţ źŧřŹŵřżƟřƿƂ 
Ƃƴĩřƹ Ÿěƿźƽ ƀĩřǀƱĦ  ƖưŬţ ƵřźưƷ ƶŝƟƹźţƺƳǀƪ Źŵ ƶĩ ŶƃŚŝ ŚƷ
 ƖƏŚƤƯſōǀŜ ſŚƴƃƾ Ƴǀż ŵƿƵŶ  Ŷƃ)Ó( ŽźŤſř .ƀĩřǀţřŶǀƺ ƹ
řżƟřƿƂ īźƯƩƺƬſ ŚƷ  ŻřžěƺŬţƿż ŽŚƀůŜūƺƯšŚƀĩźţƺŤƯ
ƱŶƃěřǀƬŤǀƭƺ ƶŝŚƷŻźěƹżƳōƿƮ ŚƷƽ ƃŹřƺĭƾ Ưƾ ŵƺƃ )ÏÑ(. ŚŤƳƿŪ ŚƯ
ƶŝƺģŵŹŻƵŹŚƈƗƶĩŵřŵƱŚƄƳƯƾ ŶƳřƺţ ƮųŻƹśŚƸŤƫřšŶƃƃŚƳƾ Żř
 Źŵ řŹšŚƀĩźţƺŤƯŚƤƯƿƶƀ  ŚŝƷƹźĭƾ ƶŤƟźĭšŚƀĩźţƺŤƯƎƤƟ ƶĩ
 źŧř ƞƬŤŴƯ šŚƘƫŚƐƯ .ŶƴƷŵ ƂƷŚĩ řŹ ŶƳŵƺŝŤƳōƾ ƀĩřǀƳřŶƾ
ŤƳōƾ ƀĩřźěǀſřŶǀƳƺƾ  ƹŨƴųƾ ĭŶƴƴĩƾ  řŹ ƶŝƺģŵŹŻŚţǀƿŶ Ưƾ Ŷƴƴĩ .
šŚƘƫŚƐƯěǀƄǀƲ  ƱŚƄƳƵŵřŵ ŶƳř  ƶŝƺģŵŹŻƩŚƘƟ ƵŵŚƯ ƶĩƯƺĩŹƺĩǀƲ 
Ưƾ ŶƃŚŝ ƶĩƯƾ ŶƳřƺţ ŮƐſD- ƹšŚŤĩǇŵƽ ƯōǀƲ ƀĩřǀŻřŶ Źŵ řŹ
ƁƺƯ ŚƷƽ řŹŢſř ƵŶƃ ŚƤƫřšŚƀĩźţƺŤƯƎſƺţ ƵŵƹŹśŚƸŤƫř ƩŶƯ
 .ŶƷŵ ƂƷŚĩřƿƲ  Ţſř ŹŵŚƣ ƂƷŚĩŸěŷƺƠƳƿźƽ řŹ ƵŵƹŹ ƍŚŴƯ
řżƟřƿƂ  ƹ ƵŵřŵƺƬūƽ ſōǀŜ  řŹƱōƍŚŴƯĮŝǀŵź ŶſŻř ƹƏŚŴƯƾ 
 źŧř .ŶƴĩŢƓŚƠů ƵŵƹŹŶƋ ŝŚƸŤƫřƾ ƯƺĩŹƺĩǀƲ śƺĩźſ ƶŝƍƺŝźƯ
mRNA  ƪųřŵ ƱŚŞƀģ ƩƺĪƫƺƯƫƺƬſƾ-ÎƵŶƴƴĩ ŻƹźĪƳ ŹƺŤĩŚƟ 
ƹŚƠƫōŹƺƯƺţřƿĩƺƫźŤƴǀƲ ŚŤŝ -Î Ưƾ ŶƃŚŝƝźƏŻř .ŵƿźĮ řƿĩƺƫźŤƴǀƲ -
ÎÍ  ƶĩƿĨ ſǀĩƺŤǀƲ  ŶƋŝŚƸŤƫřƾ ƎſƺţŢſřƯƺĩŹƺĩǀƲ ŝǀƂƳŚ 
řżƟřƿƂ Ưƾ ƿŶŝŚ .ƯƺĩŹƺĩǀƲ Ưƾ ŶƳřƺţ  ŷƺƠƳƟƹźţƺƳǀƪ ŚƷ  ƹſōǀŜ 
ƀĩřǀţřŶǀƺ ŝǀƂ  ŶƷŵ ƂƷŚĩ řŹ ƵŻřŶƳř Żř)ÏÒ( Źŵ .ƶƘƫŚƐƯ řƽ 
ŹƺſƿŹŚƳŚƿŚƳŚÎ ŹŚĪưƷ ƹř ƩŚſ ŹŵƂƳÏÍÍÒ  ƶĩ ŶƳŵźĩ ƭǈƗřƺŬţƿż 
ƹƶŝƺģŵŹŻƯƺĩŹƺĩǀƲ ŦƗŚŝųŐţǀź ŹŵŢĩřŹŚţŚĩ ƁƺƯ ŚƷƽ řźŰƇƾƿ 
ŵƿŤŝŚƾ  Śŝ ƵŶƃſƺţƹŻƺŤěźŤſřǀƲ Ưƾ ŵƺƃ )ÏÓ( .ţǀĩźƾÏ ƹ
ŹŚĪưƷřƂƳ  ƩŚſ ŹŵÏÍÍÒ  ƶĩ ŶƳŵřŵ ƱŚƄƳƯƺĩŹƺĩǀƲ ƁƺƯ Źŵ 
řźŰƇƾƿ ŚŝŚſŹŚƳƾƿ Ƭĩǀƺƽ ŚŝƵŶƃŚƤƫřſǀŹƺĜſƺƬĪƿƲŦƗŚŝƂƷŚĩ 
ŚſŹŚƳƾƿ Ƭĩǀƺƽ ŽźŤſřƹƀĩřǀţřŶǀƺ ŹŵƱō ŚƷ Ưƾ ŵƺƃ )ÏÔ(źŧřŹŵ .
ŚƤƫřƽ  ŽźŤſřƀĩřǀţřŶǀƺ  ƹřƿŵŚŬ  ƩǈŤųřĩřŹŵřƾ  ŚŝÐ - 
ƳǀěƹźěƹźŤǀƳƺǀĨ ſřǀŶ ƯƺĩŹƺĩǀƲ  źŧřŤƓŚƠůƾ  źŝƹŹƽ ŽźŤſř
ƀĩřǀţřŶǀƺ  ŵŹřŵ)ÏÕ( .ƯƺĩŹƺĩǀƲ  šřźŧř ŚŝŝŚƸŤƫřŶƋƾ ƹ
                                               
1 Suryanarayana  
2 Tirky 
ƶƬŬƯĪƃżěƾ ƯƹŹřǀƶ  ƵŹƹŵçêƵŹŚưƃçŵŹřƿŢƄƸŞ æèîè 
  
ÎÏÒ  
ŤƳōƾ ƀĩřǀƳřŶƾ řŹřŵƽ  źŧřŤƓŚƠůƾ  źŝƀĩƺţƹźƠƳǀƀǀƶŤ Śŝ ƵŶƃ ŚƤƫř
ſǀž ţǈěǀƲ Ţſř)ÏÖ(ƹŚưƬſ .ƂƳřŹŚĪưƷ ƩŚſŹŵÏÍÍÔ ƱŚƄƳ
šřźŧř ƶĩŶƳŵřŵſōǀŜ ŚƷƽ  Śŝ ƵŶƃ ŚƤƫřƯŵŚĩǀƭƺ ƎſƺţƯƺĩŹƺĩǀƲ 
ŚƤƫřŚŝƳŚĪƯǀƮƀ ƗŚƟŵƾ ŤƳōƾ ƀĩřǀƳřŶƾ ƂƷŚĩ Ưƾ ƿŶŝŚ )ÐÍ(Żř.ƺſƽ 
ŵƿźĮ ŹŵƁƺƯ ŚƷƽ řźŰƇƾƿ ſōǀŜ ŵƿƵŶ šŚƀĩźţƺŤƯŚŝƯƺĩŹƺĩǀƲ 
 ŚŝƂƷŚĩ ŸěŷƺƠƳƿźƽ ƩƺƬſ ŚƷƽ ſƺĩƺƯƾ  šřźŧřŤƓŚƠůƾ řŹ ŵƺų
ƩŚưƗřƯƾ Ŷƴĩ )ÐÎ( .ƯƺĩŹƺĩǀƲ  ŹŵƁƺƯ ŚƷƽ řźŰƇƾƿ  Śŝ ƶĩŵƽ 
ŤƯǀƪ ƳǀŻƹźŤ ƯōǀƲƀĩƺţƺţŚĜƷǀƶŤ ŚŝŶƴƃŚŝƵŶƃŚƤƫřƽ ƮƷƀĩřǀŻŚƳĦ 
ŻřſōǀŜ ĭƺƬūǀźƽ ŵźĩ )ÐÎ(.  
ŚƷƶƳƺĭƽ ŚƘƟƩ řƀĩϴĦƱ (ROS)  ŹŵƟƺţŚěǀżƿĥƺƫƺƽ ƹ śŚƸŤƫř
ſōǀŜ ƀĩřǀţřŶǀƺ ƂƤƳƵŵƹŹưƸƯƾ řƿŚƠ Ưƾ Ŷƴƴĩ )ÐÏ ,ÐÐ(Żř .ŝǀƲ 
ƵŶƳźŝ ŚƷƽ ŵřŹƿƩŚĪ ŚƷƽ  ƹ ŵřŻōŤƳōƾ ƀĩřǀƱřŶ ŚƷ Ưƾ ŶƴƳřƺţ ƱŚƯŹŵ Źŵ
ŝǀŹŚưƽ ŚƷƾƿ ŜūƺƯƶĩſōǀŜ ƍŚŴƯƯƾ ŶƳƺƃ ƔƳǀź ƹƲƯżƯƩŚƸſř
śŚƸŤƫřţřźƀƫƹřǀƺ ƳƺƠƗƾ ǈƳƺưƫŚſƾƿ ŹřźƣƵŵŚƠŤſřŵŹƺƯĭǀŶƳź )ÐÑ ,
ÐÒ( .SOD GPX ƹCAT ſǀƮŤƀ ƗŚƟŵƾ ŤƳōƾ ƀĩřǀƳřŶƾ ƍŚŴƯ
 ƕřƺƳř ƪŝŚƤƯ řŹ Ʊō ƹ ŶƴŤƀƷŚƷƶƳƺĭƽ  ƩŚƘƟƀĩřǀƱĦ ŢƔƟŚŰƯ
Ưƾ Ŷƴƴĩ .ƶƳƺĭ ŚƷƽ  ƩŚƘƟƀĩřǀƱĦ  ŜūƺƯưſǀŢ ƁŹřƺĭ ƵŚĮŤſŵ
Ưƾ ŶƳƺƃ ŽźŤſř ƹƀĩřǀţřŶǀƺ ƃŚƳƾ  ŦƗŚŝ šŚƀĩźţƺŤƯ ŻřſōǀŜ 
ŚƷŶƳŚŝƽ ŵƽ ƠƫƺſǀŶ ŘţƹźěǀƲ ŚƷţƺŘƬĩƺƳǀŚƷŶƽ DNA ƹſřǀŚƷŶƽ 
 ŚƄƛ ƵŶƄƳ ƕŚŞƃř śźģƫƺƬſƾ Ưƾ ŵŵźĭƂƷŚĩ .SOD GPX ƹ
CAT  ƹřżƟřƿƂ ƀĩřźěǀſřŶǀƱƺ ƫǀĜǀŶƽ  ƵŶƴƷŵ ƱŚƄƳřƿƲ ƶŤĪƳ
ŽźŤſř ƶĩŢſřƀĩřǀţřŶǀƺ ŜūƺƯſōǀŜ šřźŧř .Ţſř ƵŶƃƵŵƹŹ
ƀĩřǀţřŶǀƺ ſǀƀĩƺţƺŤǀĨ řƿĥƺƫƺƳƺưƿĨ ƹ ĥźƫōƿĨ Ǉŵƿƪ ƬƇřƾ 
ƉŹřƺƗŞƳŚūƾ ƵŶƃŚƤƫřƶƐſřƹƶŝ ŶƴŤƀƷšŚƀĩźţƺŤƯ )Ï ,Ñ ,ÐÓ(.  
 ƶŝŚƄƯŚŤƳƿŪ ƬŞƣƾ  ŹřŶƤƯMDA  ŹŵřƿƲ  ƶƘƫŚƐƯƳǀż řżƟřƿƂ 
 ƱŚƄƳƯƾ ŵřŵ .řżƟřƿƂ ƯǀƱřż MDA  ƵŶƴƷŵ ƱŚƄƳƀĩřźěǀſřŶǀƱƺ 
ƫǀĜǀŶƽ ƃŚƳƾ  ŻřƶƳƺĭ ŚƷƽ  ƩŚƘƟƀĩřǀƱĦ  ŹŵƁƺƯ ŚƷƽ řźŰƇƾƿ 
ŹŵƿŢƟŚ  ƶŝƺģŵŹŻ .Ţſř šŚƀĩźţƺŤƯ ƵŶƴƴĩƯǀƱřż MDA Źŵ řŹ
ƹŵřŵƂƷŚĩƮƄƃƵƹźĭřƿƲ Ʒřƺĭƾ ŵƿźĮ ƴŞƯƾ ŢƓŚƠůšřźŧřźŝ
ĭŶƴƴĩƾ  .Ţſř ƱōSOD  ƆųŚƃŤƳōƾ ƀĩřǀƳřŶƾ ƹ Ţſř ƱŶŝ
ŚƳřƺţƾƿ ƝŸůŹŵƱŶŝŵřŹƿƩŚĪ ŚƷƽ ƱŚƄƳ řŹ ŵřŻōƯƾ ŶƷŵ .ŚŤƳƿŪ ŚƯ
šŚƀĩźţƺŤƯƝźƈƯƶĩŶƳŵřŵƱŚƄƳƯƾ ŶƳřƺţ ƶŝƺģŵŹŻŻřƵŵŚƠŤſřŚŝ
 ƶŝƯǀƱřż mg/KgÏÍÍ  ŵƺƃ ƩźŤƴĩ)ÏÒ(ƝźƈƯ ƶŤŞƫř .mg/Kg 
ÎÍÍ  ƶŝƺģŵŹŻƯǀƱřż SOD  řŹřżƟřƿƂ Ưƾ ŶƷŵ Źŵ Ʊō ŹřŶƤƯ ŚƯř
ŚƤƯƿƶƀ šŚƀĩźţƺŤƯƵƹźĭŚŝƴƘƯƾ Źřŵ ŵƺŞƳřźŝŚƴŝƿƲ řƿƲ ŚŤƳƿŪ ƱŚƄƳ
šřźŧřƵŶƴƷŵŤƳōƾ ƀĩřǀƳřŶƾ ƹƮĩŻƹŵ .ŢſřŻƹŵƶŝƶŤƀŝřƹƶŝƺģŵŹŻ
ƿŚ ŻƿŵŚ ŻřƶŝƺģŵŹŻŧŐţǀź ŢŞŨƯ ŤƳōƾ ƀĩřǀƳřŶƾ ƱōĭƺƬūǀźƽ Ưƾ Ŷƴĩ .
ŚŤƳƿŪ ƸŝŚƄƯƾ Ƴǀż ŵŹƺƯŹŵGPX ƹCAT ƭŚưţ .ŶƯōŢſŵƶŝřƿƲ 
ŚŤƳƿŪ  ƶŝƺģŵŹŻ ƵŹŚƈƗ ƶĩ Ţſř Ʊō ƵŶƴƷŵ ƱŚƄƳƯƾ ŶƳřƺţ ƵŵƹŹ
ƁƺƯĨģƺĩřźŰƇƾƿ Żř řŹſōǀŜ ƶĩŶƴĩŢƔƟŚŰƯšŚƀĩźţƺŤƯ
źƔƳ ƶŝ Ưƾ ŶſŹ  šřźŧřŤƓŚƠůƾ  ƶŝ ƶŝƺģŵŹŻƇŚų źƏŚųǀŢ 
ŤƳōƾ ƀĩřǀƳřŶƾ  .ŶƃŚŝƱō  
  
ŶƤţƿź źĪƄţƹ  
řƿƲ ŭźƏ ƄƷƹĦěƾ ŢŞŧƵŹŚưƃƶŝÖÍÐÔÑ šřŹŚŞŤƗřŚŝƫŚƯƾ 
ƭƺƬƗƵŚĮƄƳřŵĪƃżěƾ ŝŵŹřǀƪ ƭŚŬƳřƶŝſŹǀƵŶ ƶĩŢſřŶŝƿƲ ſƹǀƶƬ 
ŻřŶƯƿź ƹŚƌƗřƽ ƭźŤŰƯ ŶƯƿźƿŢ ƄƷƹĦěƾ řƿƲ ƵŚĮƄƳřŵƳřŵŹŶƣƾ 
Ưƾ ŵŵźĭ.  
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Abstract 
Background & Aims: The aim of the present study was to evaluate the protective effects of turmeric 
on intestinal damage and oxidative stress induced by Methotrexate. 
Materials & Methods: For this purpose, male rats were divided into 6 groups. Group I received 
normal saline orally. Group II received  single dose of methoterxate (20 mgkg -1) IP  at day  of 30, the 
fifth and the sixth groups received turmeric extract received different dose of turmeric and single dose 
of methoterxate (MTX). Four days after MTX injection blood samples were taken to evaluation the 
total antioxidant status and jejunum samples were taken to determine antioxidant enzyme activities, 
aldehyde malondialdehyde (MDA), and histopathological assessment. 
Results: The histopathology analysis showed that the mean difference between groups II received 
single dose of methotrexate and groups V and VI received methotrexate plus turmeric. There are 
epithelial cells necrosis, inflammatory cells, blunting and villus shortening in second group. However 
in groups V and VI have been shown to be ameliorated and decreased in pathologic results, especially 
in group VI. Biochemical result shown that the levels of superoxidase dismutase, glutathione 
peroxidase and catalase reduced in group II, but increased significantly (P< 0.05) in turmeric + MTX 
groups. MTX increased lipid peroxidation; however, turmeric decreased peroxidation significantly 
(P<0.05). 
Conclusion: These results revealed that turmeric extract by its antioxidant properties may protect the 
intestinal methotrexate-induced damage in rats.  
Keywords: Turmeric extract, Methoterxate, Intestinal, Oxidative stress, Rat 
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